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WHAT IS CLAIMED IS: 
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1. A transgene for producing a recombinant polypeptide 
in transgenic bovine species aomprising at least one 
expression regulation DNA sequence functional in at 
least one cell-type of said / bovine species operably 
linked to a recombinant DNA encoding a recombinant 
polypeptide, wherein said /transgene is capable of 
directing the expression /of said recombinant DNA 
sequence in at least said/ one cell-type of a bovine 
species containing said /transgene to produce said 
recombinant polypeptide. 
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2 . The transgene of cyaim 1 wherein said expression 
regulation sequences comprise 5' and 3 1 expression 
regulation sequences fyom a serum albumin, said cell- 
type is liver cell, said recombinant polypeptide is 
human serum albumin and said transgene further comprises 
a secretory DNA sequence functional in said liver cells 
and operably linked tp the recombinant DNA encoding said 
human serum albumin. 

3 . A transgerU for pr oducing a recombinant polypeptide 
in the milk gg^Erai&saertjs: bovine species comprising at 
least one "expression regulation DNA sequence functional 
in the mammary decretory cells of said bovine species, 
a secretory DNA \pequence ^encoding a secretory signal 
sequence also functional yin the mammary secretory cells 
of said bovine Species/and a recombinant DNA sequence 
encoding a rrfcoitibij?fant polypeptide, wherein said 
secretory DNA / sequence is operably linked to said 
recombinant DNA /sequence and to form a secretory- 
recombinant DNir sequence said at least one expression 
regulation sequence operably linked to said secretory- 
recombinanjc DNA sequence, such that said transgene is 
capable of directing the expression of said secretory- 
recombinant /DNA sequence in mammary secretory cells of 
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bovine species containing said transgeAe to produce a 
form of recombinant polypeptide which wHen secreted from 
said mammary secretory cells produces recombinant 
polypeptide in the milk of said boviffie species < 



4 . The transgene of Claim 1 or 
a recombinant intervening sequence 



further comprising 



5. The transgene of Claim 4 wherein said recombinant 
intervening sequence is a hybrid^ intervening sequence. 
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6. The transgene of Claim /5 wherein said hybrid 
intervening sequence contains/ a permissive RNA splice 
signal. 



7. The transgene of Claim/3 wherein said recombinant 
polypeptide is a homologous polypeptide from bovine 
species. 
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8 . The transgene of ClAim 7 wherein said homologous 
polypeptide is selected/ from the group consisting of 
caseins, lactoferrin, Ifysozyme, cholesterol hydrolase 
and serum albumin. 
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9. The transgei 
polypeptide is 



^im 3 wherein said recombinant 
aroloqous polypeptide. 



10. The transgenel>bf Clai 
polypeptide is selected 
human mi lk pr otjfelins , 
industrial enzym 



9 wherein said heterologous 
rom the group consisting of 
human serum proteins, and 
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11. The transg^ 
polypeptide is. 



ino/of Claim 10 wherein said heterologous 
human milk protein. 



12. The transgene of Claim 11 wherein said human milk 
protein is selected from the group consisting of 
secretory immunoglobulins, Aysozyme, lactoferrin, 
lactoglobulin, a-lactalbumin . £nd bile salt-stimulated 
lipase. 

13 . The transgene of Claim 3/2 wherein said milk protein 
is lactoferrin or lysozyme, 

14. The transgene of Claim 10 wherein said heterologous 
polypeptide is a human serum protein. 
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15. The transgene of Claim 14 wherein said human serum 
protein is selected from the group consisting of 
albumin, immunoglobulin, Factor VIII, Factor IX and 
Protein C. 



15 



16. The transgene ojl 
protein is albumin. 



Claim 15 wherein said serum 



17 . The transgene off Claim 10 wherein said heterologous 
polypeptide is an industrial enzyme selected from the 
group consisting of/ proteases, lipases, chitinases and 
ligninases . 



20 



25 



18 . The transgen 
sequence is 
sequences encod 
lactoferrin, hi 
secretory signa 
casein, j8-ca; 
lactoglobulin,/ &n 



of Claim 3 wherein said secretory DNA 
ed from the group consisting of DNA 
g secretory signal sequences from human 
(lan s$rum albumin, human lysozyme and 
sequences from bovine aSl-casein, aS2- 
tin,/ K-casein, a-lactalbumin, j3- 
serum albumin* 



19. The transoene of Claim 18 wherein said secretory 
DNA sequenceMs the DNA sequence encoding the signal 
secretion sequence of bovine otSl casein. 



is-") 



20* The transgene of Claim 3 wherein said at least one 
expression regulation sequence comprises 5 1 expression 
regulation DNA sequences operabAy linked to the 5 • end 
of said secretory-recombinant />NA sequence. 

21. The transgene of Claifrn 20 wherein said 5' 
expression regulation DNA seduence is selected from the 
group consisting of 5 1 expression regulation sequence 
from bovine genes encoding aSl-casein, aS2-casein, 
j8-casein, ic-casein, ot-lacta/lbumin, and 0-lactoglobulin. 
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22. The transgene of /Claim 21 wherein said 5 1 
expression regulation DNA sequence is a proximal 5 ' 
expression regulation sequence comprising the promoter 
of bovine otSl-casein. 
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23. The transgene £f Claim 22 wherein said 5' 
expression regulatiorV DNA sequence further comprises a 
distal 5 1 expression regulation sequence comprising 
5' -flanking DNA sequence from bovine aSl-casein. 
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24. The transgene/ of Claim 20 further comprising 3' 
expression regulation sequences operably linked to the 
3* end of said sepretory-recombinant DNA sequence. 
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25. The trans 
expression repuj 
regulation s 
casein, aS2-c 
and /?-lactogl 



le of Claim 24 wherein said 3 ' 



Lon sequence comprise 3 ' expression 



enae 



from bovine genes encoding aSl- 
, j3-casein, k-casein, a-lactalbumin, 
in. 



26. The ti^ihsgene of Claim 25 wherein said 3' 
expression/ Regulation DNA sequence comprises a 3 1 
proximal /expression regulation sequence from bovine 
aSl-casefin. 
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expression regulat 
3 0 kb 5' -flanking 
distal 3 1 expressl 
about a 15 kb 3 ■ - 




27. The transgene of C/Laim 26 wherein said 3 f 
expression regulation DNA/sequence further comprises a 
3 1 distal expression regulation sequence from bovine 
otSl-casein. 



28. The transgene 



27 wherein said distal 5' 
sequence comprises about a 
f bovine aSl-casein and said 
ation DNA sequence comprises 
hg region of bovine otSl-casein. 



29. A transgenic bovine species capable of producing 
a recombinant polypeptide in /t least one cell type of 
said animal. 



from bovine sppcie| 



32. The 
said 
polypeptide 



trans ;g 



recombi na 




ies capable of producing 
the milk of said transgenic 



30. A transgenic bovine 
recombinant polypeptide 
species. 



31. The transgenic b6vine species of Claim 3 0 wherein 
said recombinant^poiypeptide is a homologous polypeptide 



nfjb bovine species of Claim 3 0 wherein 
peptide is a heterologous 
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33. The transgenic bovine species of Claim 32 wherein 
said heterologous polypeptide is selected from the group 
consisting of muman milk proteins, human serum proteins, 
and industrial enzymes. 



34. The transgenic bovine species of Claim 33 wherein 
said heterologous polypeptide is a human milk protein. 



35. The transgenic bovine species of Claim 34 wherein 
said human milk protein is selected from the group 
consisting of secretory immunoglobulins, lysozyme, 
lactoferrin, lactoglobulin, a-lacycalbumin and bile salt- 
stimulated lipase. 

36. The transgenic bovine secies of Claim 35 wherein 
said milk protein is lactofe/rrin or lysozyme. 

37. The transgenic bovine /species of Claim 33 wherein 
said heterologous polypeptide is a human serum protein. 
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38. The transgenic boviiie species of Claim 37 wherein 
said human serum p^Jt^Ln is selected from the group 
consisting of albumin// immunoglobulin, Factor VIII, 
Factor IX and PrpteAn/c. 



15 



39. The transgdni^ ybovine species of Claim 38 wherein 
said serum protexn As albumin. 
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40. The transgend/c bovine species of Claim 3 3 wherein 
said heterologous/ polypeptide is an industrial enzyme 
selected from tpie group consisting of proteases, 
lipases, chitina&es and ligninases. 

41. Milk from transgenic yfcovine species containing a 
recombinant polypeptide. 



42. The milk of 
polypeptide is a 
species. 

43. The milk of 
polypeptide is a 




41 wherein said recombinant 
ous polypeptide from bovine 



41 wherein said recombinant 
erologous polypeptide. 
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44. The milk of Claim 43 wherein /said heterologous 
polypeptide is selected from the criroup consisting of 
human milk proteins, human se/um proteins, and 
industrial enzymes* 

45. The milk of Claim 44 wherein said heterologous 
polypeptide is a human milk protfein. 

46. The milk of Claim 45 wtterein said human milk 
protein is selected from the group consisting of 
secretory immunoglobulins, / lysozyme, lactoferrin, 
lactoglobulin, ot-lactalbumii/ and bile salt-stimulated 
lipase. 

47. The milk of Claim 46 ^/herein said milk protein is 
lactoferrin or lysozyme. 

48. The milk of Claiit/ 43 wherein said heterologous 
polypeptide is a humaiy serum protein. 



51. A food 
containing a 1 

52. The fo< 
recombinant) 
from said 




49. The milk of Cl/iim 48 wherein said human serum 
protein is selected from the group consisting of 
albumin, immunoglobulin, Factor VIII, Factor IX and 
Protein C. 

50. The milk of yfclaim 49 wherein said serum protein is 
albumin, 



yrmulation comprising transgenic milk 
Dmbinant polypeptide. 

formulation of Claim 51 wherein said 
is at least partially purified 
milk. 



53. The pbod formulation of Claim 51 formulated with 
nutrients appropriate for infant formula. 
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54. A method for producing a transgenic bovine species 
capable of producing a recombinant polypeptide in the 
milk of said bovine species, ysaid method comprising: 

introducing the transgene of Claim 1 into an 
embryonal target cell of a -Bovine species; 

transplanting tne/transgenic embryonal target 
cell formed thereby or the ejmttryo obtained herefrom into 
a recipient female bovine /Lareu*£ ; and 

identifying ao /least one female offspring 
which is capable of /producing said recombinant 
polypeptide in the milly of said offspring. 
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55. A method for producing a transgenic non-human 
mammal having a desirable y&henotype comprising: 

(a) methylating a transgene capable of conferring 
said phenotype when incorporated into the cells of said 
transgenic non-human aryimal; 

(b) introducing ^aid methylated transgene into 
fertilized oocytes/ ofJ said non-human mammal to permit 
integration of sai'd ytransgene into the genomic DNA of 
said fertilized oocytes; 

(c) culturingf the individual oocytes formed hereby 
to pre-implantat/ron embryos thereby replicating the 



genome of each 

(d) reiffmr 
pre-implanta 
cell to relea 

(e) co: 
restriction 



TTT 



said fertilized oocytes; 
at least one cell from each of said 
ryos and lysing said at least one 
DNA contained therein; 
g said released DNA with a 
nuclease capable of cleaving said 



the 



35 



methylated / tpansgene but incapable of cleaving the 
unmethylatyed form of said transgene formed after 
integration into and replication of said genomic DNA; 
and 

(f / detecting which of said cells from said pre- 
implan^ation embryos contain a transgene which is 
resist/ant to cleavage by said restriction endonuclease 



as an indication of which pre- implantation embryos have 
integrated said transgene. 
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56. The method of Claim 55 whereiAi said removal of at 
least one cell forms a first and sfecond hemi-embryo for 
each of said pre-implementation embryos and each of said 
first hemi-embryos is lysed ancy analyzed according to 
steps (d) through (f ) , said method further comprising; 

(g) cloning at least/ one of said second hemi- 
embryos ; and 

(h) to form a mv^Ltiplicity of transgenic 

embryos . 



15 



57. The method of Claim 56 further comprising 
transplanting more than one of said transgenic embryos 
into recipient female payents to produce a population 
containing at least two/ transgenic non-human animals 
having the same genotypj! 



20 



58. The method of /Claim 55 further comprising 
transplanting the remainder of said pre-implantation 
embryo containing a /genomically integrated transgene 
into a recipient female parent and identifying at least 
one offspring having said phenotype. 



25 



59. The method 
endonuclease i£ 
at N6 of the 



Claim 55 wherein said restriction 
>PNI\ and said transgene is methylated 
ming of the sequence GATC contained 



within said tralisgei 



60. The meth/fad >6f Claim 59 wherein said detection 
utilizes a p6lyrfierase chain reaction using extension 
primers complementary to sequences upstream and 
downstream fcgf said GATC sequence. 
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61. The method of Claim 59 wherein said non-human 
transgenic mammal is bovine species, said transgene 
encodes a recombinant polypeptide and said desired 
phenotype is the ability to produce said recombinant 
polypeptide in the milk of said bovine species. 

62. The method of Claim 61 wherein said transgene is 
the transgene of Claim 3. / 

63 . A transgene for producing a recombinant polypeptide 
in the milk of transgenic/ bovine species comprising: 

(i) a bovinef 5 1 expression regulation 
sequence ; / 

(ii) a secretory DNA sequence encoding a 
secretory signal sequence functional in the mammary 
secretory cells of the bovine species; 

(iii) a recombinant DNA sequence encoding a 
recombinant polypeptide, said secretory DNA sequence 
being operably linked to said recombinant DNA sequence, 
wherein a secretory-recombinant DNA sequence is formed, 
said secretory-recombinant DNA sequence being operably 
linked to said b«Svine expression regulation sequence; 

(iv) A 3 1 untranslated sequence; x 

(v) a 3" flanking sequence of a bovine gene; 
and / 

^ ^hotein said transgene is capable of directing 
the exprkss/ron of said secretory-recombinant DNA 
sequence in/mammary secretory cells of bovine species 
containing /said transgene 

to produci/a form of recombinant polypeptide which when 
secreted /from said mammary secretory cells produces 
recombinant/ polypeptide in the milk of said bovine 
species J / 

64. Tjafe transgene of claim 63, further comprising a 
recombinant intervening sequence. 



}1i> 

65. The transgene of claim 64 wheirein the recombinant 
intervening sequence is a hybrid intervening sequence. 

66. The transgene of claim 6/5 wherein the hybrid 
intervening sequence comprises a 5 1 portion of an 
intervening sequence from bovifne a-S 1 -casein and a 3 ■ 
sequence portion of an IgG /ieavy chain intervening 
sequence . 
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67. The transgene of claim/ 66 wherein the 3 1 sequence 
portion is >a 3 1 splice signal sequence associated with 
the J-C segment rearrangement of an IgG heavy chain. 



68. The transgene of claim 63, wherein the bovine 
expression regulation sequence and the 3 1 flanking 
sequence are derived from the same bovine gene. 
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69. The transgene oft claim 63, wherein the bovine 
expression regulation sequence, the 3' untranslated 
sequence, and the 3y flanking sequence are derived from 
the same bovine gerfe. 



70 . The J^paUggei 
bovine gene \is 



-S n -c; 



claim 68 or claim 69 wherein the 
;ein. 
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71. The trc 
expression 
5 f -f lanki, 
flanking^ sec 
region 



jene oft Claim 70 wherein the bovine 
ilat£on sequence comprises about a 30kb 
^on of bovine aSl-casein and the 3 1 - 
i£nce comprises about a 15kb 3' -flanking 
rine aSl-casein. 
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72. The trfansgene of claim 3 or claim 63 wherein the 
milk comprises greater than 50 micrograms of the 
recombinant polypeptide per milliliter. 




73 . A transgenic/ bpvine species capable of producing 
a recombinant polypeptide in saliva. 



74. The semen of a transgfenic bovine. 
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75. A transgene for producing a recombinant polypeptide 
in the milk of transgenic bovine species comprising: 

(i) a 5 1 expression regulation sequence; 

(ii) a secretory DNA sequence encoding a 
secretory signal sequence functional in the mammary 
secretory cells of the bovine species; 

(iii) a recombinant DNA sequence encoding a 
recombinant polypeptide, said secretory DNA sequence 
being operably linked! to said recombinant DNA sequence, 
wherein a secretory-recombinant DNA sequence is formed, 
said secretory-recombinant DNA sequence being operably 
linked to the 5' expression regulation sequence; 

(iv) a 3P untranslated sequence; and, 

(v) a 3' /flanking sequence from a human gene; 
wherein/ the transgene is capable of directing 

the expression of the secretoryrrecombinant DNA sequence 
in mammary secretjory cells of bovine species containing 
the transgene 

to produce a forh of recombinant polypeptide which when 
secreted farom^fche mammary secretory cells produces 
recombinant \ poJCypeptide in the milk of the bovine 
species. 



76, 



The transgc 



expression r€ 



e of claim 75, wherein the 5' 
tory sequence is a bovine sequence. 



77. The tra 
3 1 f lankin 
gene. 



:gene of claim 75 or claim 76, wherein the 
/equence is from the human lactof err in (hLF) 
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78. 
sequ« 



le tr. 



nee is 



insgene of claim 77, wherein the 3' flanking 
9 kilobase pairs in length. 



79/ The transgene of claim 77, wherein the recombinant 
polypeptide is human lactof err in. 



80. The transgene of. / claim 75, wherein the 5 1 
expression regulation/ sequence, the secretory DNA 



sequence , 



the 



recombinant pol 
and the 3 1 f lanki 

81. The transge; 
is the lactofer: 




nant DNA sequence encoding a 
, the 3 1 untranslated sequence; 
uence are from a human gene. 

claim 80, wherein the human gene 
gene. 




82. A method for expressiryfj a human polypeptide in the 
milk of a bovine comprisii 

introducing a human genomic fragment encoding 
the human polypeptide iyfto an embryonal target cell of 
a bovine species; 

transplanting the transgenic embryonal target 
cell formed thereby /or the embryo obtained therefrom 
into a recipient female bovine parent; and 

identifying at least one female offspring 
which is capable of producing the recombinant 
polypeptide in tMe milk of the offspring. 
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83. The methc/d of claim 82, 
polypeptide is/ lactoferrin. 



wherein the human 
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84 . A transgene for producing a recombinant polypeptide 
in the milk of transgenic 
comprising: 

(i) a5- 
a first milk protein 

(ii) a recpmb 
milk protein gene 

(iii) a sec 
or second milk protei 
encoding a secretory, 
mammary secretory c 
secretory operab 
sequence and to sf^rfd 




ne species, said transgene 

ion regulation sequence from 

ant DNA sequence from a second 
recombinant polypeptide; 
A sequence from said first 
aid secretory DNA sequence 
sequence functional in the 
f the bovine species, and said 
inked to said recombinant DNA 
expression sequience; 



)0 
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(iv) a 3 1 untranslated sequence from said 
first or second milk protein gone; and 

(v) a 3 1 flanking gfequence from said first 
or second milk protein gene; 

wherein the transgehe is capable of directing 
the expression of the secretoyy-recombinant DNA sequence 
in mammary secretory cells ofo bovine species containing 
the transgene 

to produce a form of recombinant polypeptide which when 
secreted from the mammary secretory cells produces 
recombinant polypeptide /in the milk of the bovine 
species. 



85. The transgene of 
5 1 untranslated sequenc 
protein gene. 



aim 84, further comprising: a 
from said first or second milk 



86. The transgene of /claim 85, wherein said recombinant 
DNA sequence is a genomic sequence comprising at least 
one intronic sequence. 

87. The transgene/of claim 86, wherein said first gene 
is a bovine aSl-casein gene. 



88. The transgenk of claim 86, wherein said first gene 



is a bovine )8- 

89. The 
is a human lac 



l^btoglobulin gene. 

if claim 87, wherein said second gene 
:rin gene. 



90. The tranqf^ne of claim 88, wherein said second gene 
is a human lgffctof err in gene, 



91. The iiraihsgene of claim 87, wherein the second gene 
is a human lysozyme gene. 
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94. The transge 
untranslated segu 
from said second 

95. The trans 
untranslated sei 
from said first? gene. 




92. The transgene of claim 89, wherein said 3 f 
untranslated sequence and sai/a 3 1 flanking sequence are 
from said second gene. 

93. The transgene of /claim 89, wherein said 3 1 
untranslated sequence ayfd said 3 1 flanking sequence are 
from said first gene. 



claim 90, wherein said 3 1 
said 3' flanking sequence are 



claim 91, wherein said 3 1 
said 3 • flanking sequence are 



15 



20 



25 




96. A method of producing a/ transgenic bovine species 
of claim 29, said method comprising: 

obtaining a plurality of ova from bovine 

ovaries; 

fertilizing said ova in vitro to form zygotes; 
introducing a /transgene, capable of being 
expressed in at least one cell type of said transgenic 
bovine species to prpd^pe said recombinant polypeptide, 
into said zygotes^ 

propagating slaid 
transplanting/ 
bovine parent; 

iden^ 

said transgene; 

breeding sai/l offspring to produce said transgenic 
bovine species, 

97. The method of claim 96, /wherein in said introducing 
step, said zygotes are substantially synchronous. 



zygotes to form embryos; 
ryos into a recipient female 



Lng at least one offspring containing 





